In recent years, efficient single cell RNA sequencing (scRNA-seq) methods have been developed, enabling the transcriptome profiling of each single cell massively in parallel.
visualization and interpretation. Various tools have been developed for fast browsing the transcriptome gene expression in single cells. However, their applications require that users have extensive knowledge of data properties, statistical modeling, data dimension reduction techniques and substantial training of computational skills. This brings obstacles for biologists to efficiently view, browse and interpret the data. Also, currently available tools are either missing the scalability for accommodating multiple datasets, or not offering easy data sharing, or ignoring group information for comparison or providing limited annotation capacity on gene functions and involved pathways.
Results
Here we published a user-friendly interactive web application, Single Cell Transcriptomics Annotated Viewer (SCANNER), as a public resource to equip the biologists and bioinformatician to share, analyze, visualize and interpret scRNA-seq data in a comprehensive, flexible and collaborative manner. It is effort-less without requirement on software setup or coding skills and enables an easy way to annotate, visualize and compare ontologies, pathways and functions in experimental groups on single cell basis. Also, it provides a user-friendly layout with side-byside group-split view to compare experimental groups and equipped with multiple data interfaces for easy data sharing. In summary, SCANNER provides a useful way to share, visualize scRNA-seq data, as well as to annotate and interpret the analysis results.
Availability and implementation
SCANNER is available at https://www.thecailab.com/scanner/. GCAI@mailbox.sc.edu or XIAOF@mailbox.sc.ecu In recent years, efficient single cell RNA sequencing (scRNA-seq) methods have been developed, enabling the transcriptome profiling of each single cell massively in parallel (Kolodziejczyk, et al., 2015) . It provides opportunities to identify cell types or clusters and their specific markers. It also provides insights into capturing of cell development trajectory, estimation of gene bursting parameters, investigation of communications among cells and solutions of other important biological questions (Hwang, et al., 2018) . Meanwhile, its high dimensionality brought in challenges in data modeling, analysis, visualization and interpretation.
Contact
A widely used strategy is to reduce the dimension in a low-dimension space of two-or threedimensions using methods such as T-distributed Stochastic Neighbor Embedding (t-SNE) (van der Maaten and Hinton, 2008), Uniform Manifold Approximation and Projection (UMAP) (Diaz-Papkovich, et al., 2019) or Principle Component Analysis (PCA) (Jolliffe and Cadima, 2016) . In this low dimension space, visualization and further interpretation of the data could be further performed. Tools such as SCV (Wang, et al., 2019) and Cerebro (Hillje, et al., 2019) have been developed for fast browsing and analyze transcriptome gene expression in single cells.
However, these tools require local installation and implementation, as well as a multi-step data pre-processing including raw data processing, dimension reduction and data format standardization. Therefore, these local applications requires extensive knowledge of data properties, statistical modeling, dimension reduction techniques and substantial training of computational skills. This brings obstacles for biologists to freely browse the data and efficiently derive biological insights from it. Moreover, due to the rapid development and application of new technologies, the volume and complexity of data increase fast which requires a new effective and efficient gateway for storage, annotation and visualization. The Broad Institute Single Cell Portal (https://portals.broadinstitute.org/single_cell) and scRNASeqDB (Cao, et al., 2017) are available databases for scRNA-seq studies. However, their visualization and analysis functions are limited. A new flexible web server with a user-friendly interface and comprehensive analysis and visualization functions is highly demanded for convenient data sharing and efficient communication between data analysis unit and biological experiment unit.
SCV is a useful local R Shiny application with five visualization modules, for data overview of identified clusters (Overview), gene expression (Expression), the distribution of gene expression in each cluster (Distribution), expression detection rate and size (Detection) and expression heatmap with hierarchical clustering (Similarity). Each module allows users to set parameters for plot generation and visualization. Based on SCV, we developed an userfriendly interactive web application, Single Cell Transcriptomics Annotated Viewer (SCANNER, https://www.thecailab.com/scanner/), as a public resource to equip the biologists and bioinformatician to share, analyze, visualize and interpret scRNA-seq data in a comprehensive, flexible and collaborative manner. SCANNER has a unique set of functions that are not available in existing tools, which is highlighted in Figure 1A . Specifically,
SCANNER is a web server application, which is effort-less without requirement on software setup or coding skills. It enables the location-free and host-free work, which fulfills the demand for efficient communication and seamlessly collaboration. Also, it provides a framework of online database for scRNA-seq data. Currently, a published melanoma single cell RNA seq dataset (Tirosh, et al., 2016) is available in SCANNER for demonstration. Further, a large number of publicly available datasets will be processed and categorized in SCANNER to build a comprehensive database, which will provide a valuable online resource of single cell transcriptomics for public use.
(2) SCANNER annotates pathways or functions of gene sets and visualizes their activation status. The activation status of a particular pathway can be inferred by averaging expression abundance or expression ranks of its involved genes. Alternatively, it can be represented by an eigengene which is the first principle component of the expression matrix of the gene set (Langfelder and Horvath, 2008) . This function provides the opportunities to identify dysregulation that are significantly associated with a phenotype of interest on the level of pathway and ontology. Current analysis is available on MSigDB v.7.0 (Liberzon, et al., 2011) gene sets of Hallmark Collection, KEGG Pathway, Biocarta Pathway, Reacome Pathway, GO Biological Process, GO Cellular Component, GO Molecular Function, Oncogenic Signatures and Immunological Signatures.
(3) SCANNER provides a user-friendly layout with side-by-side group-split view to easily visualize and compare the single cell data from experimental groups. This function is highly demanded as many studies aim to detection difference between groups. For example, we analyzed the melanoma dataset (Tirosh, et al., 2016) and found that tumors from female melanoma patients had significantly larger proportions of cancer-associated fibroblasts (CAF) and endothelial cells than that from male melanoma patients (Fig. 1B) . Correspondingly, in CAF and endothelial cells of the women patients, the fibroblast growth factor binding function was highly activated (Fig. 1C ) and the fibroblast growth factor genes, FGF1 and FGF2 were highly expressed ( Fig. S1 ). Given that CAF is a promise target to treat melanoma, this gender difference in CAF may provide a new hint to the reason for that male patients have a worse survival outcome compared to females (Joosse, et al., 2013; Scoggins, et al., 2006) . Further large-scale studies are needed to understand the melanoma disparity of gender together with other factors including the mitotic rates of skin lesions (Farahi, et al., 2018) , delay in seeking medical attention (Richard, et al., 1999) , sex hormones (Smalley, 2018) and mutation burden (Gupta, et al., 2015) .
(4) SCANNER provides multiple data interfaces which enables easy data sharing.
Three options are available, by (1) SCANNER data object: users can generate SCANNER data object (which is based on Seurat (Butler, et al., 2018) object and compatible with SCV data object) following instructions as described in the SCV paper (Wang, et al., 2019) and then uploaded into SCV; (2) access credentials: users can contact the authors to load data into the sever, with password access control option available (an demo account "auser" with password "nopass" has been generated); and (3) database: a comprehensive database which is the most efficient method for public data analysis will be available soon.
In summary, SCANNER provides an efficient way to share, visualize, annotate and interpret scRNA-seq data.
